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Purpose: In the US, colorectal cancer is the fourth most prevalent cancer and ranks second in terms of cancer related mortality. [1] Five-year survival 
for patients presented with distal lesions is roughly 13%, while survival for patients having localized diseases can be as high as around 90%. [2] 
Colonoscopy, the current preferred method for screening high-risk individuals, carries the risk of perforation and is limited by patient tolerance. 
Virtual colonoscopy with CT exposes patients to ionizing radiation and suffers from limited sensitivity/specificity when the lesions are less than 6 
mm, resulting in missed opportunities for surgical interventions. [3]  
 
We intend to overcome the limitations of current techniques with magnetic resonance imaging of silicon particles functionalized with mucin (MUC1) 
antibodies. The Magnetic Resonance (MR) signal of these silicon particles could potentially be enhanced by over 10,000 fold via radical-free 
Dynamic Nuclear Polarization (DNP), and this enhancement is retained on the order of tens of minutes, enabling an imaging window of roughly 1 
hour while providing ample opportunities for target binding of the functionalized particles to occur. [4] MUC1 is a multifuncitonal cell surface mucin 
glycoprotein that is overexpressed in colorectal cancer. [5] In this abstract, we present preliminary in vitro and in vivo data that is leading towards the 
development of targeted molecular MRI of colorectal cancer for early disease diagnosis and active surveillance of treatment responses.  
 
Methods: To target the MUC1 protein, we attached humanized 214D4 antibodies to APTES-functionalized silicon particles (mean diameter of 2µm). 
After subjecting the antibody-functionalized silicon particles to cryogenic temperature required by 29Si DNP (~3.7K), we then incubated the particles 
for an hour in an in vitro binding assay consisting of HPAF-II cell line (MUC1 overexpression) and HS-5 cell line (control). Brightfield images were 
collected after a washout step. Still under development, our nude mouse model will be generated by orthotopic implantation of the HT-29-MTX 
human colon cancer cell line, which overexpresses MUC1 and is transfected with luciferase reporter plasmids for optical imaging. In the meantime, 
we have performed preliminary in vivo studies with normal nude mice using PEGylated silicon particles via intraperitoneal and rectal injections, as 
well as oral gavage.  
 
Results and Discussion: As shown in Fig 1, 214D4 antibody-functionalized silicon particles can bind to MUC1- overexpressing HPAF II cell line 
before and after DNP, suggesting that antibody affinity was not adversely affected by the strenuous hyperpolarization process. We also see no 
evidence that the large size of the silicon particles hampers their ability to target MUC1 expressed on the cell surface in vitro. We have successfully 
imaged hyperpolarized PEG-silicon particles in vivo with a single shot 29Si RARE sequence (Fig 2, FOV 6.4 cm; 2 mm resolution), paving the way 
for targeted imaging of colorectal cancer. Future work includes in vivo testing of the functionalized silicon particles on the orthotopic colon cancer 
mouse model. 
 
Conclusions: Equipped with the unusually long signal decay time and the fact that the polarization times are not affected by surface functionalization 
or the in vivo environment, hyperpolarized silicon particles have the potential of becoming the next generation high-impact MRI contrast agents for 
real-time molecular imaging of colon cancer. We have already developed catheter tracking by MR employing hyperpolarized Silicon particles [6]. 
This research will provide the targeting ability and together, when translated to the clinic, patients will benefit from a non-invasive, ‘virtual 
colonoscopy’ that has the potential to improve patient outcomes through early diagnosis. 
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Fig 2: a) Core-shell structure of the SiNPs surface-functionalized 
with targeting moieties. Unbound electrons naturally occurring at 
the silicon-silicon dioxide interface polarize nearby 29Si nuclear 
spins through DNP. b) SEM image of 2µm SiNPs. c) Preliminary 
29Si MRI of hyperpolarized PEG-silicon particles after 
intraperitoneal injection overlaid with 1H image. 
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Fig 1: Si-214D4 particles retained the binding affinity to MUC1 overexpressing 
HPAF II cell line after the hyperpolarization process. Incubation with the control 
cell line HS-5 showed minimal binding of Si-214D4 particles. 
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